Pressure-dependent measurements of self-diffusion in the room-temperature molten salt (RTMS) N,N-butylmethylimidazoliumhexafluorophosphate were carried out at 298 and 308 K. The pressure range lied between ambient pressure and 300 MPa. In addition, methanolic solutions of this RTMS were investigated at ambient pressure. The self-diffusion coefficients of both components are reported as functions of concentration and temperature in the range 293 -313 K. A modified version of a recently published high-pressure probe is described.
Introduction
Recently room-temperature molten salts (RTMS's) became important, for example as substitutes for organic solvents in industrial processes [1 -5] . The characterization of RTMS's is still in its initial stage, and a relation between their structure and properties is far from being known. Self-diffusion coefficients are scarcely available for RTMS's [6] , and thus we undertook a study of the self-diffusion of N,N-butylmethylimidazolium hexafluoro-phosphate (BMIM)PF 6 at different conditions.
We modified a recently constructed high-pressure probe head [7] which can be used at pressures up to 200 MPa at 613 K, to operate in the temperature range 293 to 323 K. Due to the low temperature needed for the RTMS's, the titanium alloy IMI 834, from which the high-pressure cell was constructed, allowed pressures up to 300 MPa.
Experimental
The new probe head had to fit the available Bruker CXP 300 nmr spectrometer with a magnet having an inner bore of 72 mm within the shim coils at a field of 7.02 T. Figure 1 shows the probe head. From the right we see the high-pressure cylinder made of the titanium al-0932-0784 / 04 / 0100-0059 $ 06.00 c 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com loy IMI 834, as already described in [7] , followed by an aluminum tube with grooves and a cover of polyoxymethylene. The 141 mm long and 3 mm thick aluminum tube has an inner diameter of 60 mm and thus fits tightly the high-pressure cylinder. The grooves are 6 mm wide, 1.5 mm deep and have an angle of inclination of 3.47 • . Air of the desired sample temperature is pushed through the grooves from below. This setup fits into the magnet bore including the shim coils, and no further cooling jacket is required since the shim coils can withstand temperatures of 323 K. All other parts of the high-pressure cell are the same as before.
The high-frequency coil and the circuit had to be adjusted to 300 MHz for measurement of the proton NMR frequency in the BMIM cation. At such a high frequency stray inductivities and capacities are much more disturbing and must be excluded by short leads. The compact circuit is shown in Figure 2 .
As pressurizing fluid we used hexadecafluoroheptane (3M Company, Neuss, Germany, type FC 84). Pressure is applied through a screw press and leads to the probe head by a capillary.
The gradient coil, together with the current unit and readout unit, were taken from the previous publications [7, 8] . The gradient was 0.044 Tm −1 A −1 . The sample temperature, pressure and gradient current are recorded and fed through an AD converter [7] into a computer, so that any failure can be traced. The self-diffusion coefficient D is determined by the relation
where E is the echo amplitude, τ the time in the sequence 90 • pulse-τ −180 • pulse-τ-echo, g the gradient strength, and δ the length of the gradient pulse. The determination of D is done by using varying δ values, while g is kept constant. Figure 3 shows the self-diffusion coefficients of the BMIM cation between ambient pressure and 300 MPa at 298 and 308 K. The pressure dependence is exponential, and obviously the temperature dependence is dominating. The errors for the diffusion coefficient, the pressure, and the temperature are 3%, ±0. 
Results and Discussion
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Figures 4a to 4e show the self-diffusion coefficients of the BMIM cation and of methanol at different mol fractions and temperatures. The data could be fitted to exponential behavior of the form
the parameters of which being collected in Table 1 . Whereas the diffusion coefficient of methanol decreases by a factor of 10 from the pure liquid to the dilute solution, the corresponding factor is 100 for the BMIM cation. The mutual diffusion coefficient shows a similar behavior [9] . With increasing temperature the two components differ even more.
In spite of the small temperature range we determined the activation energies. They are shown in Figure 5 (p. 62) . Maxima appear at the mol fractions 0.7 for methanol and 0.8 for BMIM. For the electrically charged BMIM the activation energy is markedly larger than for the neutral methanol over a large concentration range. However it is still unknown, how much the salt is dissociated in methanol.
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